Objective To examine an association between persistent metabolic syndrome (MetS) and the risk for type 2 diabetes in overweight Hispanic children.
O besity and Hispanic ethnicity are 2 independent risk factors for the development of type 2 diabetes in youth. Even in childhood, there is a linear relationship between increased body fat and decreased insulin sensitivity. [1] [2] [3] [4] Futhermore, independent of body composition, Hispanic children are more insulin-resistant than Caucasian children. 5 National Health and Nutrition Examination Survey III data show that the metabolic syndrome (MetS), a cluster of risk factors for diabetes and cardiovascular disease, 6 is more common in Hispanic adolescents than in Caucasians or African American adolescents. 7 MetS was found in 30% of the Study of Latino Adolescents at Risk for Diabetes (SOLAR) cohort of overweight Hispanic youth. 8 This cross-sectional analysis demonstrated that insulin sensitivity was inversely associated with the number of features of MetS, and that those with MetS (exhibiting 3 or more features) had 62% lower insulin sensitivity than those with no features of MetS, independent of sex, age, sexual maturation, and body composition. This relationship has not yet been evaluated over time, however.
The overall objective of the present study was to examine whether the persistence of MetS is associated with changes in risk factors for type 2 diabetes in childhood in overweight Hispanic youth. The first aim was to identify how many children in the cohort consistently had MetS at 3 annual measurements. The second aim was to determine if those with persistent MetS had differences in insulin and glucose indices over time, independent of adiposity. 
Methods
The study participants were a subset of the University of Southern California SOLAR project, a longitudinal cohort study that tracks the incidence of type 2 diabetes. Study inclusion criteria were (1) Hispanic origin, defined by all 4 grandparents being Hispanic, as determined by parental self-report; (2) family history of type 2 diabetes in at least 1 grandparent, parent, or sibling; (3) age 8 to 13 years; (4) body mass index (BMI) of at least the 85th percentile for age; 9 and (5) absence of diabetes, as confirmed by an oral glucose tolerance test (OGTT).
10 Subjects (n = 73) were selected because they had complete data for the MetS parameters for each of the first 3 annual study visits. The mean age of the subjects was 11.0 AE 1.7 years at baseline. This sample (n = 73) did not differ at baseline from the rest of the larger initial cohort (n = 182) in key characteristics, including age, sex, Tanner stage, BMI, body composition, fasting glucose, 2-hour glucose, and insulin sensitivity (P > .05 as assessed using independent t-tests and c 2 tests.) None of the subjects was diabetic. The University of Southern California's Institutional Review Board approved the study design. Written informed consent was obtained from parents, and assent was obtained from subjects.
Details of the longitudinal study design have been published previously. 8, 11, 12 In brief, the design involves a set of yearly clinical assessments consisting of an outpatient visit during which an OGTT is conducted and an overnight inpatient visit during which a frequently sampled intravenous glucose tolerance test (FSIVGTT) is conducted.
Each child fasted overnight and came to the General Clinical Research Center at 8:00 a.m.. With the child wearing a hospital gown, height and weight were recorded in triplicate to the nearest 0.1 cm and 0.1 kg, respectively. BMI and BMI percentile for age were calculated using the EpiInfo 2000 software, version 1.1 (Atlanta, Georgia), based on established Centers for Disease Control and Prevention normative curves. 9 Sitting blood pressure was measured in triplicate. 13 Tanner stage was coded to assess sexual maturation based on breast stage in girls and pubic hair in boys during a history and physical examination conducted by a licensed pediatric care provider. 14 For the OGTT, the child was given 1.75 g of oral glucose solution per kg of body weight (to a maximum of 75.0 g). Blood was collected and assayed for glucose and insulin at 5 minutes before and 15, 30, 45, 60, and 120 minutes after glucose ingestion. Impaired glucose tolerance was defined as a 2-hour postchallenge plasma glucose value of $ 140 and < 200 mg/dL. 10 Two-hour insulin and glucose area under the curve (AUC) and incremental area under the curve (IAUC) values were calculated from the OGTT data (in mg/min/dL for glucose and mU/min/mL for insulin). Glucose and insulin AUC were calculated as the sum of the area of each time segment by insulin or glucose concentration, and the IAUC was calculated as the sum of the same area adjusted for the starting point.
Next, the child was admitted to the General Clinical Research Center for the inpatient visit in the afternoon and fasted from 8:00 p.m. until testing the following morning, which began at 7:30 a.m. Sitting blood pressure was again measured in triplicate, and the values from the 2 visits were averaged. A flexible intravenous catheter was placed in each arm, and the FSIVGTT was conducted. At time 0, the child was given a 0.3-g/kg dose of glucose (25% dextrose), and samples were drawn at 2, 4, 8, 19, 22, 30, 40, 50, 70 , 100, and 180 minutes after ingestion. At 20 minutes, a 0.02-U kg dose of Humulin R insulin (regular insulin for human subjects; Eli Lilly, Indianapolis, Indiana) was injected. To determine insulin sensitivity (SI) and the acute insulin response to glucose (AIR), values for glucose and insulin were entered into the MINMOD Millenium 2002 program, version 5.16 (from Richard N. Bergman) (MINMOD Inc, Pasadena, California). The disposition index (DI), an index of the compensatory adaptation to insulin resistance, was calculated as the product of SI and AIR and used to approximate beta cell function. Fasting blood samples also were evaluated for triglycerides and for total and high-density lipoprotein (HDL) cholesterol using Vitros chemistry DT slides (Johnson and Johnson Clinical Diagnostics, Rochester, New York).
After the FSIVGTT, body composition was measured by a whole-body dual-energy x-ray absorptiometry (DEXA) scan performed by a certified radiology technologist using a Hologic QDR 4500 W scanner (Hologic, Bedford, Massachusetts) A urine pregnancy test was given to all female subjects before the DEXA. In addition, waist circumference, measured at the umbilicus, was recorded to the nearest 0.1 cm. Central fat distribution was measured by magnetic resonance imaging (MRI) at the LAC/USC Imaging Science Center using a GE 1.5 Signa LX-Ecospeed with a 1.5-Tesla magnet (GE Healthcare, Piscataway, New Jersey), with a single slice at the level of the umbilicus. This procedure measured intraabdominal adipose tissue (IAAT) and subcutaneous abdominal adipose tissue (SAAT) .
No standard definition of MetS has been agreed on for children/adolescents. 15, 16 For this analysis, MetS was categorized using a definition that we proposed previously 8 that applies pediatric cutoffs to the Adult Treatment Panel III definition. 17 MetS was defined as the presence of 3 or more of the following features: abdominal obesity (waist circumference $ 90th percentile for age, sex, and Hispanic ethnicity from National Health and Nutrition Examination Survey III data), 18 hypertriglyceridemia (triglycerides $ 90th percentile for age and sex), 19 low HDL cholesterol (HDL cholesterol # 10th percentile for age and sex), 19 elevated blood pressure (systolic or diastolic blood pressure >90th percentile adjusted for height, age, and sex), 13 and impaired glucose tolerance, as described above.
Subjects were classified into 3 groups: Never (negative for MetS at all 3 annual visits), Intermittent (positive for MetS at 1 or 2 annual visits), and Persistent (positive for MetS at all 3 annual visits). Baseline characteristics of the 3 groups were compared using the c 2 test and analysis of variance (AN-OVA) with Bonferroni correction. All subjects had complete data for the 5 features of MetS at all 3 time points; however, a subject was still included who had missing data for MRI, THE JOURNAL OF PEDIATRICS www.jpeds.com Vol. 155, No. 4 DEXA, IAUC from the OGTT, or FSIVGTT (SI, AIR, or DI) measurements. At baseline, 1 subject had missing data for SI, DI, and AIR, and 6 subjects had missing MRI data. Two-year changes in adiposity as well as insulin dynamics, as assessed by SI, AIR, and DI, were analyzed by repeated-measures analysis of covariance (ANCOVA). For the ANCOVA analyses, 2 subjects had missing DEXA data, 9 had missing SAAT data, 10 had missing IAAT data, 8 had missing glucose IAUC data, 4 had missing insulin IAUC data, and 5 had missing SI, DI, and AIR data. The class variable was MetS group, and the time variable was annual number of visits (1, 2, or 3). For ANCOVA, the following covariates were included in all models: sex, baseline age, and baseline Tanner stage. Baseline lean tissue mass also was controlled for when fat mass, SAAT, or IAAT was the outcome. In the IAAT models, baseline SAAT was controlled for, and vice versa. In models in which insulin and glucose indices were evaluated, baseline body composition (fat mass and lean tissue mass) was controlled for. Models also were run with the inclusion of Tanner stage and body composition at all time points, but these covariates were not significant, and thus models including baseline values were used. For repeated-measures ANCOVA, the Mauchly test of sphericity was used to assess the form of the common covariance matrix. When the sphericity assumption was not met, the Huynh-Feldt correction was used. Data were analyzed using SPSS version 13.0 (SPSS Inc, Chicago, Illinois), and type 1 error was set at a < 0.05.
Results
Of the 73 subjects, 35 (48%) did not exhibit MetS at any of the 3 annual visits and were classified as Never, 24 (33%) exhibited MetS at 1 or 2 visits and were classified as Intermittent, and 14 (19%) exhibited MetS at all 3 visits and were classified as Persistent. Figure 1 (available at www.jpeds. com) displays the persistence of each individual feature by MetS group. The most persistent feature was high waist circumference, followed by low HDL cholesterol and high triglycerides. The percentage of subjects exhibiting persistent MetS features was incremental by MetS group, with the lowest percentage in the Never group and the highest percentage in the Persistent group. The number of features seen in each MetS group also was incremental, with the Never group having an average of 1.02 features, the Intermittent group having an average of 2.18 features, and the Persistent group having an average of 3.48 features (data not shown).
Table I summarizes baseline unadjusted descriptive characteristics of the subjects by MetS group. Subject age did not differ across the 3 groups. The Never group had fewer male subjects (P < .05) and lower BMI compared with the other 2 groups (P < .05). In addition, the Never group had lower fat mass (P < .05) and lean mass (P < .01) compared with the Intermittent group. There was an overall group difference in SAAT (P < .05), but no differences in IAAT (P > .05). Subjects in the Persistent group had a lower mean Tanner stage than those in the other groups, indicating that they were less sexually mature (P < .05). Table I also compares the features of MetS at baseline in the 3 groups. As expected based on the group definitions, the Never group had the lowest waist circumference, blood pressure, and triglyceride levels and the highest HDL cholesterol levels of the 3 groups (P < .05), but 2-hour glucose values did not differ by group.
Table II presents baseline unadjusted insulin-and glucoserelated indices for the 3 groups. The Intermittent group had a higher fasting insulin level than the Never group (P < .01), but fasting glucose, glucose IAUC, and insulin IAUC values did not differ among the 3 groups. SI was highest in the Never group (P < .05), but AIR and DI did not differ by group. Although overall BMI percentile did not change significantly over time, the Never group maintained a lower adjusted BMI percentile compared with the other groups (P < .05). The Persistent group gained fat mass at a faster rate than the Never group (Figure 2, A) , with a 20% versus 15% increase from baseline value by visit 3 (P = .024 for time*group interaction). The Persistent group also maintained a significantly higher level of SAAT than the Never group (P = .048), but this difference was stable over time. IAAT was not signficantly affected by time, group status, or an interaction of time*group status.
Repeated-measures ANCOVA also revealed longitudinal differences in indices related to insulin and glucose independent of covariates, including body composition. The Persistent group maintained higher fasting glucose, 2-hour glucose, and glucose AUC values than the other 2 groups (P < .05), but these differences were stable over time. However, changes in 2-hour insulin and insulin IAUC values over time were significantly associated with MetS group; the Persistent group exhibited > 70% increases in both, whereas the other 2 groups had overall decreases in both (Figure 2 , B; P < .05 for time*group interaction). In addition, although all subjects regardless of group exhibited a decline in adjusted SI over time (P = .001), those in the Persistent group remained 43% less insulin-sensitive on average compared with those in the Never group (Figure 2 , C; P = .006). Furthermore, despite no significant differences in baseline DI, by visit 2, the Persistent group had a 25% lower adjusted DI than the Never group, and this difference was maintained through visit 3 (Figure 2 , D; P = .02). However, the rates of change did not differ by group for DI or for AIR (time*group interaction > 0.05), and there were no intergroup differences in AIR.
Discussion
This study examined the persistence of MetS over time during childhood, focusing specifically on associations with the risk for type 2 diabetes in overweight Hispanic youth. In a study by Goodman et al, 20 1098 adolescents (52% Caucasian, 47% African American, and 2% Hispanic) were evaluated for MetS at baseline (average age, 15 years) and at follow-up 3 years later. The authors concluded that clinical categorization of MetS was not stable, and that the syndrome has limited clinical utility for adolescents; however, they did not evaluate associations with insulin sensitivity and beta cell function. 20 In another study, Weiss et al 21 assessed for MetS at 2 time points an average of 22 months apart in a subsample of 77 subjects age 4 to 20 years at baseline. Although demographic information was not given for the subsample, the larger study sample was 27% Hispanic. The authors found that 71% of the subjects who had MetS at the first assessment also had it at the second assessment. In addition, 8 subjects who had impaired glucose tolerance and MetS at the first assessment developed type 2 diabetes by the second assessment.
In addition to these 2 studies that evaluated the persistence of MetS, several other studies have evaluated either predictors of MetS in childhood or associations between childhood MetS and risk for type 2 diabetes later in life. In a study of 154 Caucasian girls who were assessed for adiposity at age 5, 7, 9, 11, and 13 years and for MetS at age 13 only, Ventura et al 22 found that increases in fat mass and BMI across childhood were predictive of MetS risk at age 13. In a study of 1604 American Indians, Franks et al 23 found that a composite score of MetS features in 5-to 19-year-olds was predictive of the development of type 2 diabetes. Morrison et al 24 found that in a sample of youth (72% Caucasian and 28% African American; age 5 to 19 years at baseline), MetS in childhood was a significant predictor of type 2 diabetes 25 to 30 years later. To the best of our knowledge, our study is the first to show that progressive risk for type 2 diabetes is evident with persistent MetS over just 3 consecutive annual measurements during childhood.
The underlying pathophysiology behind the progressive risk for type 2 diabetes in the Persistent group, particularly in comparison with the Never group, comprises increasing adiposity, consistently lower SI, and impaired ability of pancreatic beta cells to compensate by increasing insulin secretion-that is, DI, which was lower by visit 2 and remained Never, negative for MetS at all 3 annual visits. Intermittent, positive for MetS at 1 or 2 visits. Persistent, positive for MetS at all 3 visits. Repeated-measures ANOVA was used to compare changes in insulin and glucose dynamics over visits 1 to 3; data are means AE standard deviations. All analyses are adjusted for sex, baseline age, and Tanner stage. Total lean tissue mass also was controlled for in the total fat mass model, and total lean and total fat were controlled for in all insulin and glucose indices models. *P < .05. **P < .01. ***P < .001. †The sphericity assumption was violated, and Huynh-Feldt correction was used.
consistently lower through visit 3. Other research has shown that insulin resistance and impaired insulin secretion are independent predictors of the development of type 2 diabetes in adult Pima Indians and Hispanics. [25] [26] [27] Although all of the subjects in our analysis exhibited an overall decline in SI across the 3 annual visits, the Persistent group showed a dramatically accelerated increase in insulin response to oral glucose, supporting the conclusion that these subjects are becoming progressively more insulin-resistant than those in the other 2 groups.
It is important to note that all of the subjects in our analysis, regardless of MetS group status, had a lower SI than normal-weight children their age. To put our results into context, in a previous analysis of a multiethnic group of children (mean age, 9.6 years), Goran et al 28 found an inverse relationship between fat mass and SI independent of family history of type 2 diabetes. This group of children had an average BMI of approximately 20 and an average SI of approximately 6. In comparison, in our study the average baseline SI was 2.7 in the Never group, 1.7 in the Intermittent group, and 1.6 in the Persistent group. Therefore, although all of our subjects were relatively insulin-resistant, those with more MetS features were more dramatically so. It also is noteworthy that at baseline, the Intermittent and Persistent groups were fairly comparable in terms of adiposity and insulin/ glucose indices, including SI; however, by following these groups across 3 visits, we found that the Persistent group had stronger associations with progressive diabetes risk.
Considering that the Persistent group was less sexually mature (as indicated by Tanner staging) at baseline compared with the other 2 groups, an important question that arises is whether the Persistent group progressed through puberty at a different rate than the other groups, which could have influenced their metabolic health. To answer this question, we assessed the changes in Tanner stage in the 3 groups by repeated-measures ANOVA (data not shown). We found that although the Persistent group started at a lower Tanner stage of 1.4, compared with 2.4 and 2.5 in the other groups, all groups progressed through the Tanner stages at the same rates; that is, we founds no time*group interaction in Tanner stage over time. Nonetheless, we included Tanner stage as a covariate in all of the adiposity and glucose/insulin models considered, to ensure that our results were not driven by differences in pubertal development.
Our findings have several important implications for the clinical screening of overweight youth for associated metabolic comorbidities. Although current consensus statements include screening for both type 2 diabetes and features of MetS, 6 ,29 the value of repetitive assessment for MetS in youth has been unclear. Our findings indicate that assessing overweight Hispanic children for MetS on a yearly basis can help identify those at particular risk for type 2 diabetes. Yearly MetS assessment is achievable and relatively inexpensive. In comparison, FSIVGTT, which takes 3 hours to complete and requires the injection of glucose and insulin, is not a practical screening tool. Logistic considerations must be taken into account when determine which definition of THE JOURNAL OF PEDIATRICS www.jpeds.com Vol. 155, No. 4 MetS to use, however. For example, in a clinic setting, it would be easier to measure fasting blood glucose rather than 2-hour glucose from an OGTT, as we used in this study.
To address this concern, our group conducted a cross-sectional comparison in our cohort using 3 published pediatric definitions for MetS, 7, 8, 21 including a definition that used fasting glucose rather than 2-hour glucose, 7 and found that the inverse relationship between MetS features and SI was maintained regardless of the definition used. 15 A limitation of the present study is the relatively small overall sample size and the uneven sample sizes of the MetS groups, which could preclude additional findings. In addition, the generalizability of our findings is limited to Hispanic youth in a similar age range ($8 to 13 years) with a family history of diabetes. However, these limitations are offset by the strength of the longitudinal study design, along with the well-defined study population and the use of rigorous measures of metabolic status, such as DEXA for adiposity and FSIVGTT for SI. n 
